, was crystallized from aqueous solution in the monoclinic space group P2 1 /c. The packing of the components of the two polymorphs differs clearly. One cation of 5a appears in the W-conformation whereas the other cation of 5a and both cations of 5b appear in twisted conformations. In addition to the ionic interactions between the ion pairs, the packing of the compounds is stabilized by hydrogen bonds and weak intermolecular π-π interactions in all cases. The compounds melt around 200 • C and decompose mainly in two steps just above the melting point. Slow evaporation of solvents is observed both in the TG and DSC diagrams of the solvates (1, 2 and 4) below 100 • C.
Introduction
The general interest in [A] 2 [MX 4 ] structures with A = organic cation, M = transition metal ion and X = halide (Cl, Br or I) lies in their wide structural variability [1 -5] , several phase transitions [2, 6 -9] , modulated phases [10 -15] , thermochromic behavior [16 -18] and magnetic properties in the solid state [19 -24] . The renewed notice has focused on complex magnetic systems, such as spin ladders and alternating exchange chains [23, 25, 26] .
By varying the cations or the transition metal and the halogen (X = Cl, Br, or I) in the MX 4 2− anion, different kinds of packing motifs are obtained. The first-row transition metals have an ability to form a large range of complexes with mainly tetrahedral and square planar stereochemistry [27 -32] . For M = Mn(II), Fe(II), 0932 -0776 / 07 / 0100-0035 $ 06.00 © 2007 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com Co(II), Ni(II), Zn(II) the tetrahedral geometry is common [3, 33 -39] . Instead, when M is copper(II), additional flexibility is brought into the system, because the Cu ion undergoes a Jahn-Teller distortion of its tetrahedral coordination geometry [27] . Thus, the tetrahedral CuX 4 2− ion flattens toward D 2d symmetry. The geometry of the MX 4 2− anions in the solid state is influenced by many other factors, such as the electrostatic repulsion between the halide ions, the packing forces as well as hydrogen bonding between the cations and anions [40] . The hydrogen bonding removes charge from the halogen atoms and thus reduces the electrostatic repulsions between these atoms, which allows the movement of anions toward the square planar geometry [16, 41, 42] .
The tetrabromocuprate(II) anion is expected to have a larger dihedral angle (the measure of the distor- tion from square planar) than the tetrachlorocuprate(II) anion because of the distortion towards a tetrahedral geometry will lessen ligand-ligand repulsions for the larger Br atoms [42, 43] .
Our interest has been to examine the effect of the metal atom on the packing of [44, 45] .
Results and Discussion

X-Ray structure analyses
Crystallographic data and selected bond lengths and angles of the new structures are presented in Tables 1  and 2 . Compounds 1, 2 and 4 crystallize as solvates, 
108 (2) whereas compounds 3, 5a and 5b crystallize without solvents. Compounds 1 and 4 are isomorphous and they crystallize in the triclinic space group P1. The molecular structure of 1 is presented in Fig. 1 Between the cations, weak π-π interactions, both face to face and edge to face interactions, help to stabilize the packing of the components. The geometry of the MX 4 2− anions is close to tetrahedral. Compound 2 crystallizes in the monoclinic space group P2 1 /n with Z = 4. The molecular structure is presented in Fig. 3 . The asymmetric unit consists of one dianion, two Bz 2 Me 2 N + cations and one half of an acetonitrile molecule. Both cations are in the W-conformation. The acetonitrile molecule fills the voids of the crystal structure. Hydrogen bonds (especially weak C-H··· Br − hydrogen bonds) between the acetonitrile molecule and the tetrahalometallate salt are not discernible. The packing of 2 is presented in Fig. 4 . The ion pairs form C-H···Br − hydrogen bonds and weak edge to face π-π interactions of the phenyl groups. Each anion forms ten C-H··· Br − hydrogen bonds (C-H···Br − < 3.0Å) with six nearest cations. The C-H··· Br − bond lengths vary between 2.80(1) and 2.99(1)Å. One type of crystallographically independent cations forms long chains via weak edge to face π-π interactions. Furthermore, face to face π-π interactions are observed between certain cations of different chains.
Compound 2 is isostructural with the corresponding tetrabromo-and tetrachlorocuprate(II), and the tetrachloromanganate(II), -cobaltate(II) and -nickelate(II) compounds [44, 45] . The geometry of the The packing of the components is presented in Fig. 6b . One anion forms seven C-H···Br − hydrogen bonds (C-H···Br − < 3.0Å) with four nearest cations (Fig. 6a) . Furthermore, the packing is affected by weak intermolecular edge to face π-π interactions of the phenyl groups.
Compound 5b crystallizes in the monoclinic space group P2 1 /c having one dianion and two cations in the asymmetric unit. The two crystallographically independent cations appear in twisted conformations. The anion is tetrahedrally coordinated, but the bond angles (102.76(3) -113.80(4) • ) deviate more strongly from the ideal tetrahedral value than the bond angles of the [MBr 4 ] 2− anions in compounds 1 -5a (Fig. 7) . The packing is stabilized by C-H···Br − hydrogen bonds (C-H···Br − < 3.0Å). The anion forms eight C-H··· Br − bonds to five nearest cations; bond lengths vary between 2.75(3) and 2.98(5)Å. Intermolecular edge to face and face to face π-π interactions can also be observed (Fig. 8) .
Crystals 5a and 5b are two polymorphic forms containing no solvents. The former crystallizes from acetonitrile and the latter from methanol solution. The space group is the same for both 5a and 5b, but the packing is clearly different as shown in Fig. 9 , viewed along the b axis. One type of the crystallographically independent cations of 5a appears in the Fig. 9 . The packing diagrams of the polymorphs 5a and 5b, viewed along the symmetry axes.
W-conformation, while the other type in 5a and in both crystallographically independent cations of 5b have a twisted conformation. In addition, the anion of 5a is nearly tetrahedrally coordinated, whereas the coordination in the anion of 5b deviates more strongly from the tetrahedral standard. The anion of 5a interacts via seven C-H···Br − bonds with four cations, whereas the anion of 5b and the five surrounding cations interact via eight C-H··· Br − hydrogen bonds.
Thermal properties
Thermal decomposition paths and phase transitions for compounds 1 -5 were determined by TG and DSC methods. The TG curves are presented in Fig. 10 . Melting points (including the enthalpy changes) determined with DSC and decomposition ranges from TG measurements are compiled to Table 3 .
All compounds melt around 200 • C showing a sharp melting peak in the DSC curve. No events other than the evaporation of the solvent molecules and the melting are observed in the DSC curves of 1 -5 between −50 • C and the observed decomposition temperature.
In case of compounds 1 and 4, which include cocrystallized acetonitrile and water, the loss of ace- tonitrile and water is observed over a rather wide temperature range of 60 -90 • C (DSC curve). The related mass losses (∆ w − % exp ) of about 6 % were observed in the TG curves, which correspond adequately to the calculated mass loss for both solvents (∆ w calc = 6.6 -6.7 %). In case of compound 2 the loss of acetonitrile is not obvious in the TG curve as the evaporation of solvent occurs over a wider temperature range with an overall mass loss of only about 2 % (∆ w calc = 2.4 %). Correspondingly, a very modest rise of the baseline can be observed in the DSC curve.
Compounds 1 -5 decompose mainly in two steps. The decomposition starts typically at 200 -225 • C. In a first cleavage, the complexes decompose to metal(II) bromide and elemental carbon the latter of which is a result of a carbonization of the cation part. In the second stage a mixture of metal(II) bromide and metal(II) oxide are formed as final residues due to the air atmosphere, which was present in all TG experiments.
Conclusions
Bis[dibenzyldimethylammonium] tetrabromometallates or their solvates (with metals Mn, Co and Zn) crystallize with or without solvent molecules from acetonitrile, methanol and/or aqueous solutions. Not all compounds are isostructural unlike the previously reported corresponding tetrachlorometallates [45] .
In 2 ZnBr 4 (5a) crystallize in the monoclinic space group P2 1 /c. The asymmetric unit consists of one crystallocraphically independent cation in a W-conformation, one independent cation in a twisted conformation and one dianion. Thus, the conformation of the other cation twists when the crystals of 3 and 5a are formed. The second polymorph (5b) of compound 5 was obtained from aqueous solution and crystallizes in the same space group. However, the packing in the two polymorphs is different, as both cations in the asymmetric unit of 5b appear in the twisted conformation.
In all crystals, the packing is stabilized by C-H··· Br − hydrogen bonds and weak intermolecular π-π interactions. In compounds 1 and 4, the solvent molecules participate in the hydrogen bonding network by O-H···N, O-H···Br − and C-H···Br − interactions.
The coordination geometry of the MX 4 2− ions is tetrahedral in all cases (1 -5) as the Br-H-Br angles are close to 109.5 • C. A tetrahedral coordination sphere was also observed for previously reported MCl 4 2− anions (M = Mn, Co, Ni or Zn) [45] . Thus, changing the halide from chloride to bromide does not affect the configuration of the MX 4 2− anions. A flattening of the MX 4 2− anions toward D 2h symmetry was observed for compounds with M = Cu and X = Br or Cl [44] .
The average of the M(II)-Br distance is 2.503Å for Mn, 2.412Å for Co and 2.413 -2.416Å for Zn, as a consequence of the larger ionic radius of Mn compared Co, Ni and Zn [47] .
The melting points of the title complexes (185.6 • C -206.7 • C) are very similar to those of the tetrachlorometallate solvate compounds (177.4 • C -201.6
• C) reported earlier [45] . All compounds start to decompose shortly above the melting point and decompose mainly in two steps. In the first step the metal(II) halide and elemental carbon are formed, followed by the burning of elemental carbon, and part of the metal ( 
Structure analyses
The X-ray single crystal structures for compounds 1 -5 were determined with a Kappa APEX II diffractometer at −100 • C using graphite monochromaticed MoK α (λ = 0.71069Å) radiation. The data were processed with Denzo-SMN v0.95.373 and the absorption correction was performed using Denzo [48] . All the structures were solved with Direct Methods (SIR97 [49] ) and refined on F 2 by full-matrix leastsquares techniques (SHELXL-97 [50] ) using anisotropic displacement parameters. All hydrogen atoms (except the water hydrogens) were calculated to ideal positions as riding atoms by using isotropic displacement parameters. The water hydrogens were searched from the Fourier difference map and refined isotropically and later as riding atoms. Figs. 1 -8 were drawn with the Diamond program [51] and Fig. 9 with the Mercury program [52] .
CCDC 616208 -616213 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
Thermal properties
Melting points of compounds 1 -5 were determined on a Perkin Elmer PYRIS 1 DSC instrument. DSC measurements were carried out using 50 µL sealed aluminum sample pans with pinholes. The temperature calibration was carried out using three standard materials (n-decane, In, Zn) and the energy calibration by indium standard. The samples were heated under nitrogen atmosphere (flow rate of 50 mL min −1 ) with the rate of 10 • C min −1 from −50 • C up to the predetermined (DSC, TG/DTA) decomposition temperature and then cooled to −50 • C with the rate of 10 • C min −1 . The heating-cooling cycle was repeated twice. The sample weights used in the measurements were about 3 -6 mg.
The thermal decomposition pathways were followed with a Perkin Elmer TGA7 thermogravimetric analyzer. The measurements were carried out in platinum pans in air (flow rate 50 mL min −1 ) with a heating rate of 10 • C min −1 in the temperature range 25 -800 • C. The temperature calibration of the TGA equipment was carried out using the Curie-point technique (Alumel, Ni, Perkalloy, Fe). The weight balance was calibrated by measuring the standard weight of 50 mg at r. t. The sample weights used in the measurements were 1 -8 mg.
